Ruminal samples were collected at slaughter from 364 unfasted steers fed different finishing diets to obtain information on numbers and species distribution of ciliated protozoa in feedlot cattle. Total numbers of protozoa averaged 1.59 x l d / g of ruminal contents. A total of 47 steers (12.9%) were defaunated, but 4.1% of the steers possessed numbers of protozoa >106/g. Entodinium species did not always dominate the protozoan populations; 41 faunated steers (1 1.2%) were devoid of entodinia, and 79 additional steers (21.7%) possessed populations dominated (SO%) by other genera. Zsotrichu was the most commonly occurring genus supplanting Entodinium, but Polyplastron and Epidinium were frequently present in high concentrations. Tallow and soybean soapstock supplementation reduced (P < .05) numbers of protozoa in steers consuming wheat diets. However, yellow grease supplementation did not affect numbers of protozoa in steers fed either sorghum or corn diets. Average ruminal pH was 6.20 on the wheat diet, 6.05 on the corn diet, and 5.69 and 6.23 for the two sorghum diets, respectively. We found no correlation between ruminal pH and numbers of protozoa on any diet. The presence of relatively high protozoan Concentrations and few defaunated animals in feedlot cattle necessitates reevaluation of the role that ciliated protozoa play in ruminal metabolism of animals fed processed, highconcentrate diets.
The role that ciliated protozoa may play in ruminal metabolism of feedlot cattle historically has been considered to be insignificant because concentrate diets presumably reduce or completely eliminate ciliated protozoa under ad libitum feeding (Eadie et al., 1970; Slyter et al., 1970; Vance et al., 1972; Lyle et al., 1981a,b) . Any ciliated protozoa that survive have been presumed to be Entodinium spp. ' (Vance et al., 1972; Van Soest, 1987) . However, protozoan populations can vary widely among animals; their survivability in cattle fed highconcentrate diets ad libitum may be influenced by the length of time on feed, supplements and roughage level. Therefore, we felt that the supposition that feedlot cattle characteristically are defaunated needed to be examined more thoroughly. Thus, our objective was to sample ruminal contents from a large number of feedlot cattle fed different finishing diets and to determine concentration and population distribution of ciliated protozoa.
Materials and Methods
Animals and Diets. In trial 1, 84 crossbred yearling steers (544 kg final avg wt) were fed either steam-flaked or dry-rolled sorghum without fat or supplemented with 4% yellow These cattle were obtained from research projects that were investigating feedlot performance with fat supplementation, but the diets and management were representative of most feedlot operations. All diets were formulated to meet or exceed NRC requirements and contained 8 to 10% roughage (chopped alfalfa hay and [or] corn silage) ( Table 1 ). The animals had ad libitum access to feed, with fresh feed added once daily; monensin (28 ppm) and tylosin (1 1 ppm) were included in the diets. At the termination of each trial, the unfasted steers were slaughtered at a local commercial packing plant.
Sampling. The time interval between r e moval from feed and water and slaughter was approximately 4 h. After evisceration, the rumen was slit, and approximately 950 ml of contents were collected. Ruminal pH was measured, and approximately 20 g of the mixed sample was preserved in a tared flask containing 13 ml of 10% (vol/vol) formalin. The flasks later were reweighed, and 10% formalin was added to obtain a 1:l (wt/wt) dilution of xuminal contents.
Enumeration of
Protozoa. An aliquot of each preserved sample was diluted with a phosphate buffer containing 30% (vofiol) glycerol. Total numbers and generic distribution of ciliate protozoa were counted from 25 microscopic fields in a Sedgwick-Rafter counting chamber (Purser and Moir, 1959) . Ciliates were classified according to Hungate (1978) . The length and width of 20 randomly selected cells from each ciliate species, except entodinia, were measured with a calibrated ocular micrometer. Members of the genus Entodinium were not identified to the species level; average cell dimensions were determined from 40 randomly selected cells. Large Entodinium species (e.g., E. bursa and E. longinucleatum) were not detected in any samples. Relative cell volumes were calculated from a rotational ellipsoid formula, assuming that thickness was proportional to width (Harmeyer and Hill, 1964 ).
Statistical Analysis. Because protozoan populations were not normally distributed among animals, treatments for each trial initially were compared using five categories to classify total numbers of protozoa (defaunated; 404 cells/g; 104 cells/g; 1 6 cells/g; and 106 celldg) and analyzed with the nonparametric CATMOD procedure (SAS, 1985) . In the absence of significant interactions, treatment effects within each trial were combined, and the data were analyzed with the Kruskal-Wallis nonparametric test using the W A R 1 WAY pmcedure (SAS, 1985). Numbers of protozoan (Table  3 ). All steers that were defaunated (n = 13) had received either soybean soapstock or tallow. Total numbers of protozoa ranged up to 2.3 x 1@/g and 1.9 x l d / g with soybean soapstock and tallow supplementation, respectively, whereas total numbem in animals not receiving fat ranged from .48 x Id to 1.9 x 106/g. In 20
of the 124 faunated steers, Entodinium were absent; 47 additional steers possessed protozoan populations that were dominated by other genera. Zsotricha was the genus most commonly supplanting Entodinium, although Epidinium and Polyplastron separately predominated in some cattle.
Trial 3. Steers consuming corn diets possessed higher (P = .098) protozoan numbers than steers consuming sorghum, although average ruminal pH was lower (P = .02) in corn-fed (6.05) than in sorghum-fed (6.23) steers (Table 4) . Yellow grease supplementation did not affect (P > .lo) numbers of protozoa or genera distribution among steers on either diet. Numbers of protozoa ranged up to 6.39 x 106/g, but 32 steers (22%) were defaunated. In 17 of the 111 faunated steers, Entodinium were absent, and an additional 18 steers possessed protozoan populations that were dominated by genera supplanting entodinia (Zsomkha and [or] Polyplustron).
Discussion.
Among the 364 cattle fed finishing diets, total numbers of protozoa averaged 1.59 x 16/ g. Only 47 steers (12.9%) were defaunated, whereas 4.1% of the steers possessed numbers of protozoa >106/g (Table 5 ). The high mean numbers of protozoa and few defaunated 'SE has limited value because analysis was performed on the ranks due to non-normality and skewness.
animals in cattle fed high-concentrate diets ad libitum contrasts with other reports (Slyter et al., 1970; Vance et al., 1972; Lyle et al., 1981a,b) . Perhaps differences in roughage levels could account for this discrepancy, although Kreikemeier et al. (1990) reported that different roughage levels had no effect on protozoan populations in cattle fed high-grain diets. Differences in the size of starch particles of whole grains compared to processed grains also could affect protozoan survival. Additionally, animals possessing low concentrations of protozoa in the previous studies could have been categorized as defaunated if the dilution factor for counting was excessively high. In this study, the minimum detectable level. was 452 cells/g. Although the diversity of protozoan genera surviving in feedlot cattle was low, the presence, and occasional dominance, of genera other than Entodinium contrasts with aaditional belief (Eadie and M m , 1970; Van Soest, 1987) . A total of 41 faunated steers (11.2%) were devoid of Entodinium, and 79 CDierences between diets signifkant at P < .IO.
dSE has limited value because analysis was performed on the ranks due to non-normality and skewness. additional steers (21.7%) possessed populations dominated by other genera, Extremely high Entodinium numbers in many animals elevated the average percent distribution in all trials despite the occasional dominance of other genera Conversely, in the steers possessing populations dominated by protozoan genera other than Entodinium, the total numbers never reached the high levels that could affect overall percentages. Varel and Dehority (1989) did not detect Entodinium in two bison and one bison hybrid fed a 50:50 alfalfa-corn diet, but apparently this is the first report of Entodinium being absent in faunated cattle. Isotricha was the protozoan most commonly supplanting Entodinium, but Polyplastron and Epidinium frequently were present at high concentrations. Polyplastron and Epidinium, however, constitute mutually exclusive ruminal protozoan populations (Eadie, 1962b (Eadie, , 1967 Tome et al., 1988) . Consequently, the average Epidinium and Polyplartron percentages reflect a theoretical coexistence, because they would not occur together in the same animal. Steers possessing Epidinium were found in the same pens with steers possessing Polyplastron, indicating that contiguous association did not always induce transfaunation. Ophryoscolex, a sporadic protozoan that can flourish in animals fed highgrain diets (Dennis et al., 1983) . was found in only one steer. Its absence in feedlot cattle, however, could be due to an inhibitory effect from monensin (Dennis et al., 1986) .
2154
Although low ruminal pH can adversely affect protozoan populations, we found no relationship between ruminal pH at slaughter and total numbers of protozoa or genera. Averaged over all diets, ruminal pH for the defaunated steers (n = 47) was 6.13, whereas the average pH values for the steers with protozoa populations >1@/g (n = 15) was 5.93. One animal consuming wheat had a ruminal pH of 5.38 and possessed 1.9 x 106Ig protozoa (Entodiniwn, Isotricha and Epidinium). Although Eadie (1962a) found only Entodinium swiving at ruminal pH below 6.0, Isotricha, Polyplastron and Epidinium apparently are tolerant of lower pH values. The relatively high ruminal pH observed (6.06 averaged over all animals and all diets) corroborates other findings for cattle fed high-concentrate diets ad libitum (Slyter et al., 1970; Lyle et aI., 1981a) . These authors suggested that the presence (or absence) of protozoa was not directly related to ruminal pH. However, because ruminal pH can fluctuate with time after feeding, measured Nminal samples may not have reflected the minimal pH values. Purser and Moir (1959) concluded that both the duration and the extent of the depression in ruminal pH determine survival of protozoa.
On sorghum and corn fdshing diets flrial 1 and Trial 3), supplementing diets with yellow grease had no effect on numbers of protozoa. In Trial 2, tallow and soybean. soapstock supplementation induced a significant reduction in the number of protozoa. Fat supplementation has been reported to be detrimental to ciliated protozoa (purser and Moir, 1966b; Czerkawski et al., 1975; Ikuegbu and Sutton, 1982) . We do not know whether the lack of inhibition from yellow grease was due to the fat composition or was interrelated with the basal diet.
The relative importance of ciliated protozoa in feedlot cattle is speculative, but the presence of high numbers of protozoa may contribute to stabilizing ruminal pH and retarding ruminal fermentation of carbohydrates (Hungate, 1966) . By ingesting and sequestering starch, protozoa could prevent rapid bacterial fermentation to lactic acid and subsequent depression of ruminal pH (Mackie et al., 1978) . Consequently, protozoan cell volume may be more meaningful than total number of protozoa as an indicator of the protozoan contribution to the overall fermentation process (Clarke et al., 1982) . Average protozoan cell volume ranged from .2 to 1.5% of the ruminal fluid volume. The voluminous protozoa (Polyplastron, Isotricha and Epidinium) undoubtedly had a larger impact on metabolic activity than similar numbers of entodinia. In all finishing diets, both protozoan cell volume and total number of protozoa were of sufficient magnitude to have an influential role in ruminal fermentation.
Extremely large variations in the numbers of ciliated protozoa were found in the feedlot cattle. Purser and Moir (1966a) attributed differences in concentrations of protozoa among animals consuming the same diet to both physiological and metabolic factors, including the propensity to eat, water consumption and ruminal volume. In cattle fed finishing diets, additional factors that could influence protozoan populations include type of diet and supplements, ionophores, feeding regimen, roughage level, initial adaptation to full feed and the protozoan population present prior to the feedlot diet. We do not yet know the dynamics or specific factors affecting protozoan populations in feedlot cattle; however, the wide variation in numbers of protozoa among individual animals suggests that the population is volatile; it may be constrained by precipitous declines in ruminal pH, but protozoa can proliferate rapidly as ruminal conditions change.
impilcations
These data dispel two common beliefs concerning ciliated protozoan populations in cattle fed highconcentrate diets ad libitum: 1) that most feedlot cattle are defaunated and 2) if any protozoa survive, they are Entodinium species. The presence of relatively high concentrations of protozoa and few defaunated individuals among feedlot cattle necessitates reevaluation of the role that ciliated protozoa play in ruminal metabolism of animals fed processed high-grain diets.
